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1.1 Sensor structure
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Fig. S1 The schematic diagram of the as-fabricated gas sensor structure.

1.2 Synthesis of Materials

All the chemical reagents involved in the experiments zinc nitrate hexahydrate (Zn(NOs),*6H,0),
iron(II) nitrate nonahydrate (Fe(NO;);*9H,0), iron(Il) sulphate heptahydrate (Fe(SOy),*7H,0),
terephthalic acid (1,4-benzenedicarboxylic acid, HOOCC¢H4COOH, PTA), and carbamide (CO(NH,),)
were analytical pure and purchased without further purification. Deionized water (18.2 MQecm) was
used for all the experiments.

1.2.1 Pure ZnO sample

Typically, 0.0016 mol Zn(NO;), 6H,0, 0.02 mol CO(NH,),, 0.001 mol PTA and 20 mL deionized
water were mixed and stirred for 30 min and then transferred into a small vial with about 20 mL
capacity, maintained in an oven at 95 °C for 24 h. The vial was cooled down to room temperature
naturally. The white precipitate was then collected and washed with anhydrous alcohol and deionized
water for three times by centrifugalization and dried at 60 °C in air. The ZnO sample was obtained by
annealing the precursor at 500 °C for 2 h with heating rate 5 °C min!.

1.2.2 Pure ZnFe,0, sample

Generally, 0.0016 mmol Zn(NOs),-6H,0, 0.0032 mmol Fe(SO,), 7H,0, 0.02 mol CO(NH,),, 0.001



mol PTA and 20 mL deionized water were mixed and stirred for 30 min and then transferred into a
small vial with 20 mL capacity, maintained in an oven at 95 °C for 24 h. And then the vial was cooled
down to room temperature naturally. The red-brown precipitate was collected and washed with
anhydrous alcohol and deionized water for several times and dried in air at 60 °C. The pure ZnFe,O,
sample was obtained by annealing the precursor at 450 °C for 2 h with heating rate 2 °C/min.

1.2.3 Structure and Morphology

The structure and morphology information are shown in Fig. S2. Figure S2a and S2b show the XRD
patterns of pure ZnO and pure ZnFe,0O,. The patterns exhibit clear and strong diffraction peaks that are
in good agreement with the hexagonal structure ZnO pattern (JCPDS card No. 36-1451) shown in Fig.
S2b and typical cubic ZnFe,0, pattern (JCPDS card No. 22-1012) shown in Fig. S2b. Figure S2¢ and
S2d indicate that the morphology of pure ZnO sample and ZnFe,O4 sample. It can be observed that the

morphology of ZnO sample is similar with the heterojunction sample.
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Fig. S2 (a) XRD pattern of pure ZnO sample. (b) XRD pattern of pure ZnFe,O4 sample. (c) SEM image of

pure ZnO sample. (d) SEM image of pure ZnFe,04 sample.



1.3 UV-vis spectra investigation
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Fig. S3 (a-c) UV-vis spectra of pure ZnO, ZnFe,04-ZnO heterojunction, and pure ZnFe,O4sample. (d-f)
Tauc plots to determine the band-gap energies (E,) of the ZnO, ZnFe,04-Zn0, and ZnFe,04 sample.

The UV absorption spectra of the pure ZnO sample, ZnFe,04-ZnO heterojunction sample and pure
ZnFe,0, sample are illustrated in Fig. S3a, S3b and S3c respectively. It is observed that all samples
exhibit strong ultraviolet absorption. The Tauc method is used to calculate the band gap energy values
from a linear extrapolation of the plots of the (Ahv)" vs. the photon energy (hv), as shown in Fig. S3d,
S3e and S3f. The ZnO and ZnFe,0, are typical n type semiconductors and the n value is set at 2.The
obtained band gap values were 3.16 eV for the pure ZnO sample, 3.10 eV for the ZnFe,04-ZnO
heterojunction sample and 1.95 eV for the pure ZnFe,O, sample, which are consistent with the
previous reports.'. The bandgap value of heterojunction sample is slightly smaller than the pure ZnO
sample, which indicates that the ZnFe,O4 (Eg=1.95 eV) is grown together with the pristine ZnO
sample. The UV-vis spectra results indicate that the heterojunction structure is formed in the sample

and it is consistent with the HRTEM results.



Further, the conduction band (CB) bottom and the valence band (VB) tops of ZnO and ZnFe,O, can

be calculated by the formulas:

Evs=y - E.+ 0.5E, (1)

Ecg=Evp- Eg (2)

where y is the absolute electronegativity of ZnO (5.79 eV) and ZnFe,0, (5.86 V), E. is the energy of

free electrons on the hydrogen scale (4.5 eV) and E, is the band gap of ZnO (3.16 eV) and ZnFe,O,

(1.95 eV).%3 The CB and VB of ZnO and ZnFe,0, are calculated to be —0.29 eV, 2.87 eV and 0.385

eV, 2.335 eV respectively. As a result, a heterogeneous structure between ZnFe,O, and ZnO materials

can be schematically described in Fig. 8 of the manuscript.

1.4 Growth mechanism
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Fig. S4 (a) The schematic diagram of growth process of the coral-like ZnFe,04-ZnO heterojunction

architectures. (b) The XRD pattern of the as-synthesized precursor.



Based on abovementioned tests in the manuscript, a plausible growth mechanism of the as-synthesized

coral-like ZnFe,04,-ZnO mesoprous morphology is proposed and a schematic illustration of growth

process is shown in Fig. S4. As depicted in Fig. S4a, at first, a certain amount of Zn(NOj3),, Fe(NO;);,

PTA and urea was dissolved in 20 mL deionized water. Then, the solution was transferred into a vial

and maintained at 95°C in an oven for 24 h. The Zn?" and Fe*' ions in the solution were reacted with

OH- ions which were provided by the hydrolysis of urea to form Zn(OH), and Fe(OH); crystal nuclei

respectively. The Fe(OH); species were further oxidized by the dissolved oxygen in the solution to

FeOOH. The abovementioned reaction were represented as equation (3)-(7).

CO (NH,), + H,0 — 2NH; + CO, 3)
NH; + H,0 — NH,* + OH~ (4)
Zn?* + 20H — Zn(OH), )
Fe¥* + 30H — Fe(OH); (6)
2Fe3* + 20H- + O, — 2FeOOH 7)

2FeOOH + Zn(OH), — 2ZnFe,0,+2H,0  (8)

Zn(OH), = ZnO + H,O )

In addition, the PTA had some special characteristics including two carboxyl groups, a high structuring
effect and low steric hindrance.* All these properties of PTA made it easily combine with the metal
ions to form chelate and well-crystallized compounds with specific morphology were obtained. In this
study, the Zn?" ions and Fe** ions in alkaline circumstance grew into sheet-like morphology precursors
with the assistance of PTA and the XRD pattern of the precursor was shown in Fig. S4b. The as-
synthesized precursor was further annealed at 500 °C and the FeOOH species reacted with Zn(OH),
species to form ZnFe,O4 species. Due to excess amount of Zn?" ions, redundant Zn(OH), species
further dehydrated to form ZnO under calcination. And the mesoporous structure could be derived
from the dehydration process under thermal treatment. Finally, the ZnFe,04-ZnO mesoporous

heterojunction architectures were successfully obtained. The proposed reactions were illustrated in
6



equation (8) and (9).

1.5 Gas sensing performance

The TEA sensing performance, transient response presentation of pure ZnFe,O,4 sample and pure ZnO
sensor to 50 ppm TEA, is illustrated in Fig. S5. The Fig. S5a indicates that the pure ZnO based sensor
exhibits a response/recovery speed of 0.9 s/51 s and a response value of 7.7 at operating temperature
200 °C. Figure S5b shows the pure ZnFe,0, based sensor exhibits a response/recovery speed of 3.7

s/112 s and a response value of 11.4 at operating temperature 180 °C.
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Fig. S5 (a) The transient response presentation of pure ZnO based sensor to 50 ppm TEA. (b) The transient

response presentation of pure ZnFe,O, based sensor to 50 ppm TEA.

The stability of the sensor is another parameter to its practical applications. To verify the stability of
the coral-like ZnFe;O4-ZnO mesoporous heterojunction sensor, the gas response evolution is
investigated under 50 ppm TEA at operating temperature 240 °C for 30 days, as show in Fig. S6. No

obviously decrease in gas response was observed over the testing period, indicating the good stability

of the sensor.
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Fig. S6 Long-term stability of the coral-like ZnFe,04-ZnO mesoporous heterojunction sensor to 50 ppm

of TEA at 240 °C.
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